Isolated cardiomyocytes in conjunction with NMR spectroscopy techniques to study metabolism and ion flux.
To distinguish cellular from vascular responses to physiological and pathophysiological stimuli, we developed methods to perform NMR spectroscopy on isolated ventricular cardiomyocytes. Isolated adult rat cardiomyocytes, placed in agarose beads and superfused with phosphate-free buffer (Media 199 (GIBCO 400-1100) gassed with 95% O2, 5% CO2), were used to evaluate a variety of cellular processes during different pharmacological and physiological interventions. Bioenergetic function was monitored with 31P NMR. Intermediary metabolism, gluconeogenesis, and glycolysis were monitored with 13C NMR. Sodium flux was monitored with 23Na NMR. Calcium flux was monitored with 19F NMR in conjunction with an intracellular calcium-chelating agent, 5F-1,2-bis(2-amino-phenoxy)ethane-N,N,N',N'-tetraacetic acid. Creatine kinase kinetics (forward rate constant (Kf) and flux of phosphocreatine to ATP) were estimated with 31P NMR saturation transfer data. Various combinations of NMR parameters were monitored simultaneously so that the interaction of metabolism and ion flux could be evaluated. We have demonstrated that it is possible to simultaneously monitor a variety of cellular processes in intact heart cells in real time, without the confounding influences of perfusion, contractile function, and extrinsic blood-borne neurohumoral agents. This model will be useful for longitudinal studies of myocyte metabolism and ion flux.